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PURPOSE: To continuously vary delay time by 
means of electric signals 
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located in the phasing circuit 
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CONSTITUTION: A variable delay line 12 is 
comprised of an inductance L and 

variable capacity diodes VC, VC 1 , and a constant 
current source is driven as 

the signal source resistance and the terminal 
resistance of the variable delay 

line 12. Each variable resistance circuit 13a, 13b 
in which the difference 

between the drain-source potential and the 

reference voltage of a field effect 

transistor is sampled by an amplifier and which 

then performs negative feedback 

of the differential voltage to the gate of the 

field effect transistor and in 

which the resistance between the source and the 
drain of the field effect 

transistor is variably set correspondingly to the 
control voltage of a constant 

current source is used to generate control voltage 
from the control signal of 

delay time according to a functional relation 
determined on the basis of 

characteristics given from the relation between the 
reverse voltage and the 

electrostatic capacity of each variable capacity 
diode and thereby the 

resistance value of each variable resistance 
circuit 13a, 13b is varied with 

changes in the delay time of the variable delay 
line 12. 
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1 

[»#«1] ^>y**<tjemEE©*£££J:D#«$ 

yX^OV-X ■ HW>W©«fitSJpfflEt©^« 

TV-X • HK >ra©fi^±g^»SSiS©®lffi!mjE 

3^*- H©jS»«E*#A^(H»«^lrS^^TBl* 
£S^-f *- H©3»«flEt»«$fi©g|ff«t DftSSK 
fSS«lcS^V^TilE^ra©fflffll©^*^ft LT-SA % 
n^«EET?feo T±ffijt«iSaS©«fl«JBEfr-5 C t IC 

±E«r«jffiEB©a6era©M»K:ffoTpr*a 
frt@B©st>tB «x a set tr * toeseb 

R. 

[»*«2] ttft©S»?*?a«EWSniHS«*2l£ 

«rr*i»*Ft. ^©a»f©&jB!ft^^^©§» 

B*fcR*©RBRIH****RRBB«rU£n&«> 

sfi«@»t. ;r©fiffiB8TB«3n&B^£«8rr 
^©««fts*>e©ffl*e#*H*tuT* 

jRT t £fi*T&3jB«BBBBfifc*Jlr> 

T, ±ffiS«EI!Srt©jiSlai!StLTv 1 lcB« 
©iBSHlRSffi WfcC t t-rzm&fflmmw. 

[000 1] 

BBBfc J: Q££jm*SRft&Hl:T£«aBBBK 
tfCOSBBB&BBBKrteSBIlB&LTtil^'r 

a. 

[0002] 

[ft*©g«] ]8*Bi£»r8Btt. B«^Kl«fcD»B# 
ttB*tt£B£Bl/. ttlW&e>£lt&R9£SttoT 
»B#l'i»©B»*#*.fc-5.C&r3TV»S. uCT. « 
**rt»©B3©S&S#«©^-rtt©*Bffc::fetr>T'& 
BV>iH*B©BBtft#5n*«fc3fc-r*fc*. Art* 6 

©E«»«>BRte»u §&©^&i^m©»jat*«r 
c©t#, ±ss«[©^j«*t)-a-ia, «©»nfiBtt»c 

ttH<?nttfcBBi/fc«»© u >iws»y*f*» 
©±ffi-€-n-en©»»^ e ©§»f?^ 

frfctlS. £©@BttHKfcBffi0»i#tfnTV>S. 
■tUT, 2«©fc£ftBtt±ffi©£*©«®R©aKI& 
WK<tO«*5©T?. jf-H-Sy* 7*- rtXtt, BB 

©SBB^fc^As^frsserasfrrt* s ©Rim© 



(2) it$H¥4-3 444 8 6 

2 

a. 

[0 0 0 3] ±E©SBi©ra©BStt. SMBlcBtffc 

nm*c^9^«B(t. rne©^yy*« ; ?X'f»;5 i * 
-r ^^©«oft^njt/>fx*^bT, fflsai*^u 

io ©j; 5 x-f ^^ttiSffit?*-5©rsjg8©-en^ 
[0004] a±©i^7S:raa^c»fflUT, 

leSfc 6-&&-*«©B«0»S3ESKffiffl-r-5 <t# 
IC, -#©R#BB#Bffl;*ftT^Sffl»::ffi;£©8ffi@ 
K©^i/7 r *«D«^.5«fc5tcbfcSB*^IBB85 6- 
1 1 2 2 3 4^&ffl-rg£3nT^-5. COftBUBR 
StUttt«OflBB»IKBB». HI lfc*f«k5fc. 
20 BB©B»TB^li, 1». ln«fi99StiflBB 

e£3BT&7i/^©BM?2&. £©«»?2©& 

SB?B? 1 1 ~ 1 n *»&©S»B^fcBfiS©«3PtlBJ 
3, 3' t. Iin&©8«B»3. 3' (*i©68®»© 

»«jatt©«^*iie-r5JiffiS4, 4' ±fa^* 

«i©fiffiB»3, 3'.#S©dtfjB^££Sfc:«BBA 
SfcWWB^X'f ??5t, ±B£S«BB3. 3' T 

iE«snfcffl^*)|ft«E, E»-rsBBg6t, £©bb 

88 6 *>6 ©HiAm^fcBB t l/-CBwT*«jRBB 7 1 
50 ftl*T*t>THJt. ^HT, ±IEz:*«S©8EffiBI& 

3, 3- .i«-n*n±e»it?2©BswFB?ii~ 

©««S8i, 8.,-, 8n;8i'. 82',-, 8 
n' t, ££*9, 9' t. ^ne©jgM89. 9' IC 
BBOHRITKIt Stlfe* s» 7£B«?» 0 ft^f -5B^ 
X-f y?*>6*-B^y^«BX-f y^l 0i, 10*. 
-. 1 On ; 1 0i' , 1 0t' , 1 On' t*6|« 
HI 1IC*VJT» Wl lttB^X'f 5/^5 
ROf^y^BX-f y^l 0i~l On, 10i'~10 

[0 0 0 5] C©«t^lr«»S3nfcje#i!!E^BrSBIC^ 
V>Ttt. ±S-ttt^ r n©:5'y79JiftX'f Oi~l 

onstfi 01' ~i on' ©«jDft^.tt. ^ne*Jff 
s-rsisffl0?S3*fctt3' ©a*« (4, 4' ) «t« 

^X-fy^SC^DBA^r)^© (6) 30A&BDM3 
nTV^WlCfft>n4©T. iffi^y^«BX-f y^l 
Oi~l OnSfcBl Oi' ~1 On' ©»f^lc«tr)^± 

fc*toT, #B^StSn*±IB^y^«BX'f y^l 
50 Oi~l OnRtfl 0»' ~1 On' IS. /-fX*a*8£L 
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(3) ftH¥4-3 4 4 4 8 6 

3 4 

c:©t#. #6ffiHH»3. 3' a>s©nj;wi*£££fc ^ft^-f^--Hvc©7/-Ha*at:ftK$n. ■€■ 
mo**.**?™ y^5\t. mzmmfitttiT^zto z.\zTi-xnfmmmmm^n^. s&jc, -e©*a 

-f^3yf7*-*X^©^s/-/««IX'f y^l Oi 57^a^»«^IC«:UT«t)5©T. &g®8f 1 
~1 Ontfcttl Oi' ~1 On' ©WOft^fciO^ tt. »gB$ll8a*?Jgfc'fe©£fcS. 

£.tz;<ixmm&$ftft\^?\z\,T»it. 10 [oo 1 o] ^<D^\zmm^nitm^m^tms<oW} 

[0 0 0 6] b*>U r©«k3*^©j@«»»»r«B ftO*. £©£i5DT<&-5. $3ffl)ffiP», -:?©# 
IC^^Ttt. HI llC*-r«t5C. =*«E©Sffl(HlK &a»c:fctt-5g«©||i&K:5fc£oT. -£•©;&{££ KSifc 
3, 3' ^ffla-TS^t*^. J§5fl5fcg®89, 9' £ ,©}f|6jte££:bi^5fc©©ffi-<r©S@» f iffl©fHWH 

=3Ktt*h&s&L. ®mu&ifi*z<&z>tmz. *£iH:&aa-r-5. rne©«»f^«. f-< • 

ht>±#-T5 &©•?<&•?£. £©«fc5fcffiSj£[::*f$&?- 7±ay£»gDATj£-7:rn£MI*l;:£»;**u m 
Zfztb. -OMrfii. 3»«EE©^$IC«tD»S«a *#E8MXIC.koTi«EyS-r-Sjg®R f lfcJ13MF*.S 

^ft-rsBr^sy-f^-Kt^ffi^fc-erTfli^b ns. £©«t 5 &&«»©*©««&«. #<4*H»r>«*.© 

mmttftm® 5 5 - 1 5 1 2 8 0 ^ss-migsnT^ f i fc«i&$nfc7^n^©s)ffliM^tt» 3 >?>-*c 
s. a> i t-o©^fiftr©s»*^7-rs*Tfim$n-5. 

[0007] zv>'&m\zmmt<nttm : &ffl&wm&&® *•©&, -oojtiftToss*^TL&e.. fwsasp 

1 2££JHl,TR9I-fS. HI 2 iCiJUT. ^fTDIJ tt, ^©*tt«ffl©ftl»«#SfSai*U ±IEt^«lC 

j@#»««TS^UT*D, dlli-f©fl4©lW> bTSilSSf 1 «T, ES©»f££ttjg 

ft^Aittffire*868g8£5Kl,T*5D. e 1 U ««««!C^^T«Atf-fei'5'jtSESffJft5. £© 

tt*-©<B*©Ji4I8Tife3.. «f^DLttBl«S©S®« <fc5fc3fc©»fttt©9)0»*.«, fHW8?P*<JB*fcttl 

SfcTSL-OfeO. f 1 tt*©fl* ©ajg«-C*S. ft* ftr«ftft*7^njfft*KSftLT6as*f i©BS 

Aitt/t?»7 7is«s»£^L/T*D. g !«■€■©«>* MStA'r^ffl©3>x>-y-cics-HJai-r*c:t»c«k 

©««8T*S. £fc. ft*AittftIJ¥Jiifgg*^tT Bfrfctl*©"?, Jt«»IB*)ft«ffil««|t < J:oT*Sr 

ft*Pttv-f?n • 3>ea-?«7r 2-5. ;:©#&> 7^-n^»©^lC«fcoT?I^fi^ 

-A")i7 (ROM?) £*JfflLfciHWffi£*LTlr> JO -f *- FVC©»®§S£^fct#. 2388 f i 

5. S&ICSfc. ft*DAttx^^JP-7^-a^« V>TfcJL iiM^Mtf^DT^<. ftHK > tf-y>X £ 

8S£*U ft*MXtt^#fiSg&7£LTV5. M*©«SSfe^fl:-r-5. MfHr*0tt*»£Bf 1 ^ 

[0 0 0 8] j@gifc8fcH 1 TD©#XU*>hd ITS tfcSfc*. £©fc*. £jgM« f 1 £ST£fc#* 

mmme mmi&zti. mnmmsA>\z^xmnm [oom £©«k5&ra)i£#ft-r-5fc«>fc:, &mm 
mznz. ^©t#» Mwsptt, e*©jg®8 f i © sf i ©SMi^ra©^Mi^t)-B-T. s®» f i ©»« 

*SBSU«HI*£JB#cai#-rs. £©ffl*lt*tt, x-f «St©M£» WB©*iBge i *fc^?/7r©Ji«S 

v'i'^^^-n^aagDAfcioTji^^o^ft^ g i ©y^f >t*t««ecj^s$n-5±5fc&-DT^ 

tCg&Stl, ff*#E8SMX£BUTjR#c#gJg» f i 40 2. -€-©«4-t>©SJg« f i CoHT^f <h> HI 4 

t#A&ns. rne©#iffiffiSf nc#^.enfc7^ ©£*ot»-5. Hi4fc*v»T, mw&p\mmmf 

3>5 i >-t)-c i e#ftsn*. j:©«ftNfWttS:wu s *BAfc»«fi$tz©si»fi*£iaa©itsse i ©y 
s«-ej:^©-T?. ±sB3>x>u-c ittsfi©/hs*t> -f >M»m#£*w*u cineowwm**^^ 

[ooo9] cz.T, m*<ommf i b. «0A»ini an. B*^KgMx^LT-?-n^n«g«f i ©w 

3 IC^fi 5 »r«)«$ns. H 1 3 V>T, ft* L \t «^fi^-f H£, Z ©S#&* h 7 

CttSS^KA'-f/^XfflOn^^^UT^S. ^© UT. ±ESMSf i £ftiggiaz©$i3PM*£. 
E»Stt. fi^©LCS®S©#S«»SR^i£W3d?F«^ 50 «£RltS[ffl584iiK:SfflllK©JK^*t-a-r5 «fc5 
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5 

[0 0 12] 

«fc5fc, <flg$S^*-FVC£ffl^fcpIg£©S3l 
ffi Z ©H#&* F 7 >5>X* fflftttK£fc>-frTiSS©i! 

&£c&w-ntffc6fc*>ofc. s etc, d©pi^s©s 

Or- F v c ©n-f tsjc^ra©^ft 
St z ti3.zm$m%. b 7 >$?x^©y- h^E©=a© 

ggs^-r F©/vr 7^mE©n«tt. Bi^fi^ 

-f ■*- F©»^««t A-f 7X«E©g|«£.fc 0 4* 6 

fc»±E©=a©«i«»^tt, ^g^a^f*- f©jb 

[0 0 1 3] -t-Ct?. *S89Itt. £©,fc5&HJi£S# 
Krt©ssiiiK t vxm V^-f ^-S y * 7 *-* X £ oj 

[0014] 

[iSIS£»ft-r^fc«>©¥K] ±gBW£iiJ«-r*fc«> 
ftflK :oiBE«b''f*- F©iS»m£E©*fl:lc<kD 

aw««qwtr*ira5BBi*«*r*t*K. £© 

K»Ufc«JK»*F5>S>X*©V-X • FW>W© 
Hffi fc t ©M &if«g-? £ 0 -£-©ggfl£& ±12 

ft#M»* F v >5?X*© V-X • FK >^©fitt*i± 

±EU3SiM«|©pI3g§a^'f*-F©^« 

F ©2»«BE &M8ftC!>NfMttt-ei|jE Ufc«JET 
t> o T pjg ffiifillI»©fittfi^A S <fc 5 IC Lfc ©T 

[0 0 15] Sfc, ±IB^SJS@*S>±. 



(4) 4$H¥4-3 444 8 6 

5 

a.. jgrnKicreKisnsfyftamF^^x^ov- 

X • FM" >W©«tttS«P«JBEt©^«rJi«gTtD 
^©Hmffi*±IB-*© 1<B©«#&» F 9 >^X *© 
y-Mc6J»U -#©«#»* F 7 >vX 
&#©«#&£ F 7 ^X^CV-X • HK>BOfi 
ft*t±e£®J2©*€?£ lc*t£LT>>I2i»£$n.5 fc© 

[0 0 1 63 SSC±E£#29l&F7>i;x*©7-X 

• Fw>ra©g«ifii**. v-x- fw >m<omsiz 

10 tt#UT2ft-ra#ififitt?£»Sr-2)fcJ&fcy-X • F 

[0 0 17] Sfc. ±EiIg|Il8©g8ii5eW£LT©jB 
S«^t3fje©S31l^ra*#^5ilMleI»SS^lx cm 

e©sM0»T?ftffl*^Asnfcs»m^sinSLTm 

20 m-zikfcst, c©««a[g^6©a*ft^sH«tL. 

v>t. ±ffiSE«iHi»rt©asiHi»tLT. ±ia«iiisiK 
sffl^fc"b©r»«. 

[0 0 18] 

[fWfl]'±ffi©«k3K*j£SnfcS&[s!Ke, -f>^ir 

^ ts!st^&y-( f fc*^-r-5^as«©±iB 
±g^rxiEg«©pi«»catte.nfcS^ 

fiSt t LT©^SIalsI»©fijKfil*±E^«S : ? r 'f 

jo ^-F©ia»«EJc»>SL&«Ert>oT±iaBr«iE®» 

WlHliST fc o T^C±E «IXfiSillll»©-f 
> fc!-^>Xfi&at£ tl-5 J; 5 fc LTB#IW©3Hfcl£<fc<& 

■far- Ffttt©tf ^-p^© Mjs zsif^m^z-r*. 
[0019] ±fa©«fc5tc*^nfcie^SE^»f 
mwa., i£-©sffiig?srt©^>»siiiHiKic^^T. f8# 

>fcr-^>xs^*to, ss^w©«ft;ic<kSiiMi|* 

•3, -«as©8ffl[Hll5fc*^-e^'f^-5 5'^7 : i— *XS 

nnEt-r-sfe©-?*^ 

[0020] 

immm «t. *58w©ms^*»f«fBiists^^T 

£jK-riHr&BT»*. ^©jisiHiKe, fle*©fi®s<& 
fflVifcfe©tS*0. -€-©««W»?lc:8iliD$n-5«a© 

£#A£KMo&&#jig£02 (a) RCX (b) S# 

50 mvtsLtfzmwtz. 
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(5) 

7 

[0 0 2 1] *f\ H2k:flE*©Sffl@KlCffl^6nT 
©#&«#», B 2 (a) (b) IC*-T±3ICT 

^©aasBtsft-cfeo. i^h (a) amenta >? 

KJgfi«7-f;V^tP!itfn5t>©-C*D, BB (b) © 
@»tt±E (a) l^b&-0©-f>^^L/2*iS 
«16£ l<T^-5fc«>*-©J£g# ^ns^ffililBS-C* 0 . 

±E©*(t^*^»as»irr s c t \z «t d w 

JBfia»;W8j£;*ns. r©«fc3&flWS©»*3fcSJBii 

[0 0 2 2] Crt?, B2 (a) 0ftK*tt*7<f.n'4r 
tCfe^T. 7^l'*©B»tt1^^>fcr-:J'>X 
R 0 = VL/C 

s Rtfitt ±.ifiomwi 1 1 a, a? 

t s = l. 0 7 ^LC — (1) 
t a =1. 13 sfLC — (2) 

±»e>mmm t dzxftt±tf*)\&m t r «. 

t d = n • t s ■ • (3) 
t r = t! • 3 ifa ■■■ (4) 

— 1. 1 (^fr -(B) 



C= ^ - (7) 

^ 1. 0 7nR. 

[0 0 2 3] *fc» #(4g?»ttTH2 (b) t^TR 40 
imfffi«7-fM*fflH5t, 2Bil^BtdtSr-&± 
*S0«rKt r &<E>tt#Ri;«fttt. NB (a) I'^-f^ 

Rntfl 6*4>&<T«kV>. £©£€?, KB (b) K43 
HT«*«m= 1. 2 7 t-r-stv fiaMr#OWM>4- 
-/Ij'jL-hRtf ti/t s«C08l>T«EB (a) ICtr 

[0 0 2 4] K±JE"«fc±5fc. -f>^?Lt*t« 
S'* C i*>5&*£*£&JBg®»©a&ll$lffl t d ttlg 
(3) SCfc«fcD#AStl-5rt*tt)A>5. *UT, B2 50 



^l8 3 F4-3 444 8 6 

8 

(a) Sifctt (b) <r>\,*-ft\om<D7 4 )V*&m^X 

£S#ss£is©gai$ffl£*jg tr * ^ tasrss. 

[0 0 2 5] -ti-?. JfcSMHfcfc^Ttt. B2 (a) * 

fee (b) iz7Fi-rm<tLm=s:&mmm&LTtfizm>p 

s n tick o . b i \z7fc?*%mz&z wmmvgM 
sn*. mt>t>, *&w\z£z&mmmmuz7Frr 

t>. r©W««S3''f*-HVC. VC ©2»Sffi©X 

1 2 c ©i>r£«®» 1 2 ©m^asfi 

aatfiwasifcUT. Maareuten««JMM«. 

h5>-7X*©V-X • PH>HOittiiWE£ 

©^*«ds-r t ozomns. &±sa#$a* h ?>-7 

X*©y-hKA«3£«U tt«JMI«h?>^X^ 
©V-X • H^>B©fiiS*»±E3eS«BB©««fiK: 
»*LTTOB*sn*TOM*B» 13 a, 1 3 b « 
JBV». ±E««SSSi©(Mfl«^tUT^§S^'f^— 
F©i»«E£3fi±Stt*fBlfi«#£|i3-©fc©£ffi^3 

[0 0 2 6] lf!WBail2tt, 1>999U L 
t, «»ffl©^$Sy-f^-HVC. VC S-fflt 
Ufcfe©fc£T»©#»ia8fc»«UTI*S*tfcffl» 

**imiftttUT«M&nTv>s. *ut, -#© 

*Jg$a*W:*-FVC©fcffi£, ft*©pT««fiy-f 

t-Fvc ©is«t*i#a«e3n-5t*c, jje- 
wwwi^ =*- h v c ©nfitt-e©* *«flss 

n, fldr©"I**fi^'f*-HVC ©BSttO^ 

BoaTOsay-fa—pvcivc' n cass 
atomman* ;:&&&:<&. a*. ±iH2fi©pia:« 
a^-r^-nvc. vc ©BrtiH*&*fflaf«ufcB 

Brfctt. HW*14!6>6-€-n-enSafir*^UTj!»«EE 
vfttflttaStl. ^©2»«£Ev(CJ:oT»«$aS^T 

aswrH^aaans. a*. ±e«strii. &a©i>j 

*»«^-f*-HVC, VC C«W«^B15S^L 

c ©»ffis:Bt?^-r^©sw±-r^fc©fcK:ttfc , b 

©Tfc*. 

[0 0 2 7] ife*, Bl»C*^T. ^Rtt^I^iBgll 

1 2©A*«a£fcttaa«b£-enienfc«-rsfc© 
©««s^ ut* d . ±m*wzmm 1 2 o^^igaia 

*fctt»»fim©-ffii:«:S t>©T, C©»laR©j»* 

fc«tt)#a©^«a^-f^— hvc. vc ©Bgffi© 
AMmmmmu^ovtmaz^nx^. 

C«SLiSHll:ffl©*yP f U>^3>T ; >1}-C*5. r© 
SttRttWa^0K©»fifctt"H-#*fcffiK: LT* 
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10 



>x i£ L < T s £ £ it* 9 ®££ r t*tT?^ S . 
[0 0 2 8] ^Ct, ±EpJ^SSS1 2tt, &»©T>I 

*-©&S&g££fl;;*tts<»:. S9§m£*£ttttf > 
br-y^xfeaMfc-rs. c:©c:t*»6. ©^©AtBASS 

a, bTM >V-y>7><D*&£\ZJi%mn&m<D&B 

gfitt. S2«K©«Wlc^j£:LTa»c±SW«a®8 
l 2£g£TS±5fcgfcSii^i&g**&-5. ■?•©& i0 

a, ±effi^sfiia£fc*ssst©ffltfH;:tt. 

«t 0 Sttft #gflrr s BlXatfttHlte l 3 a . l 3 b at* 
n-?ni8»?T*«. ^©W^gttHIK 13 a, 13b 
tt. B3JC^-r«k5IC. #tt*^ofc2iB©S^mh 
?>3tt*Qi. Q*£ifi8EBU&*T&ffi*, (WHS 

£EE c fc«fc o$!fiisnsse«8isiw fh >8«a«nfc 

#©S#$!l$F?>i>X*Qi©y-X • HK>I(D 
«ft££ip«EE (Er) t©MSliSSl 6-etO*© 
SSE£±E-#©«I!3&S F 7>5>X*Qi ©y- F 

tzmmzm-rtxtz. ;i©y- fse sh&#©s#& a> 

mh7>^X^Qi©y-HcBIiDU Kffi^© 
*F7>i>X*Qi©V-X • HH 
33ffl>£ip®ffi (Ec) IC#jSUT>iJg^3£3n5'&©T 
&S. -tUT, ±S2fi©S^*h7>^X : $'Q 1 , 

Vgs = (Rd s • I — E r) 



*n. c:n^2fi©s^«#a*h7>>?x^se9>Ltf 

SCttCkD. ±E2„g©«#»jgF7>>>X*Qi, 

q» ^©iasiiio^^ti/hs \,mm<om?tt£tiT» 

•5. 

CO 0 2 9] ±S-*©«^*h7>^X^Q»©H 
h 7 >¥X9Q* © F l"f >S&£«*P«JEEE r 

i©g«jBEa«e«ss8i 6»c«tDJt«$n. £©taa«EE 

*t±EB#&* F7>S>X^Q« ©y- F £fl®££iS 

1 7 -SmEE+VRtfrniS I SJEftS t. 

y-FSffi-?K»Sn-5«^»*F7>^X^Q 1 ©y 
-X • F l"f >ffl©filitR dsCiD, SteJW&JH F 7 
>^X^Qj©FW>SBEtt, Rds • 1 
[0 0 3 0] ±EV-X • FU-f >K©fiSRd s tt, 
y- F«EV g s fc(H»3*l.&fc©, *<D®W&k*K 

Rd 3 =-K - Vgs - (8) 

tit*, *lt. ±iEy-Fm)Eevgstt. «#&sf 

7>>?X^Qi©Fl"f >SffiRd s • I iglPSJE- 
E r £©i£®EE£*i<gg 1 6 K&OmffiVTz.'bW&Z 



A„ 



Rd s =-K • (Rds-I-Er)A„ 



- (9) 



±E^S8l 6 ©flJ#Ao 
£<-KAo>lft6«, RdsZ-KAo^OtaO, 50 
m (9) 5*2* £ 

Rds • I - E r = 0 

Rd s=E r/I=E r/kEo -(10) 
tit*. CZ.\Zk\tfe&r$>Z>. J1©SB (10) St^S 
V-X • F M" >m©fiiaR d s tt> ±E<H»«EEE c 
i fcEifcfll UfcfiC«J«-r-5 C t^T? £ -5 C ttfit>if> 

s. £©«■&» y-h«Evg sicto^wanss^ 

S©£#&#F?>-?X^Qi©7-X • HH>H© 

EM (8) 5S©£&K*tXfcUTtK iffflSl 6©#J# 
A,ft*+#K:*frV>£, ±EffittRd s ttfcfflWEEE r 

[0 0 3 1] B3l;feWT, 2ffl©S^*F7 
>vX^Qi, Q 2 B#14©«}ofcfe©£fflV>T^D. £ 

fc<. -#©«#&£ F7>i>X*Q«©y-Flct?ilI 
Lfcy- htEVg s *ffi*©«#a«F7>^X^Q 
i©y-h{CB31trrst. £©«#*&£ F5>i?X*Qi 
©V-X- FK>IS)©ffitStt» ±E-2r©S#2&Jg F 50 



7>i?X*Qi©V-X; HH>ffl(9fiKRdsti 
<lf UifcS. K±©±^^»^ICJ;r). &#©«#$& 
£F5>S?X*Qi©y-X • PH >W©Sfttt, £ 
?Sm£EiE 1 7 ©SEE r ZJEmzfetbZ, t, 2«©m 
#3»*F5>^X3'Q l . Q a ©#tt**lit3T^5«^ 

». -?-©4#tticfe#f «rt^<, iwaiagi 4*»e.a* 

[0 0 3 2] 04 (a) ~ (c) \t&3\Z7F.?&mnn 
E c \Z J: D-t©*€3*Wr^5S«iS!S 1 7 ©rtffl 
««*^-rieIKH'r»S. Cdlr^bfcffimSJiEl 7' 
tt/t-f sJ?-7 F 7 ^^X^CttJ^fiiaSitJffl bfcfe© 
•C. fc^Tr,at£H8Sh7>^X*T»r)> «S«S I 
SB 3 t'^-ril^m F v >V7.5 Q2 \zm%?z& 5 
fc&oTt^S. -€-LT. A-fTX F7>>'X3'Tri© 
mS5 1 1 tt. T r 4 & ft-smjE • SiSXJftilKlc i D -5 
A en. T r 4 ©Jg^lRlfltiglie* h f e#-Hfc*:i* H t 

I x = (E c — V b e ) /R 
^-Xffl©«JEVb e t,i^SCC^-r»«*»* 
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Ie = Is-erp-^-Vbe - (11) 

xsy^wss-tn-enAL A,t-r-5t. cms** 

• (12) 

fl/T, i ©«SiS I h 7>^X^Qi left 

J&Stl*. fi£oT> ffl«®EEEc©*i*Sl£itWl,&5£ 

[0 0 3 3] &K04 (b) I^LfcJtmiitail 7* 
tt. ±ifi©H4 (b) ©£«8HB17' £&&Lfc<fe© 

©^-xmjfEttAW 1 i*&gi^rm$n-5*t. 
/H7xh7>-WTrr ©^-xm«e±iB^« 

aeoT. ^-xttesroiMSHsgixftasns. z. 

iTC^VvXi'Tri' , Tr.' , Tr,' 
©ID5f|fi)Si6i#fiifch feS-«frs t. fcfZm I tt* 

I = I - (1 - W + 2hfe+2 > - (13) 

tot. hfeS^Kl 0 OfTSt. S^ttO. 0 
S. Z.<D®mzte\,*T*> (a) ©®KtH«©jSlitt 
•5. 

[0 0 3 4] 04 (c) tt (a) fc^tfc5g«i6£!l8l 
7' ©«E-«ffi3HftlMK£LTf«#a<-Hr*£<-r.5 
h7>vX^©^-X • X5i/^m©SBE 
V b e #fififc.fc D&fcTSfcJ&fia H 'J 7 h £4>fc< 
LfcgftJiiS I C«#ig6&A,£ffl<Afc<b©-T?*5. 
C c:T?gttRfcS5n-5mig 1 1 IC ±-5«E 1 1 RttiHBS 

Ao. Tr,, R^e&SSJEE-Siij^Jftlell&tT.kD Ii 
JS5£««S*^A6n-5ifc© (a) {C^Lfc@»5<k0« 

[0 0 3 5] 0 3fc*Lfcl>Jgffita[§Ij&l 3 a. 

13bfc*l>Tli. *JM»*r-7>5>X*Qi, Qi©V 
-X- FH^WfflSJEEVd s tFW>«»ttt. iE 
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3 IC<fc 0 0 1 fcjR-rpJgg&B 1 2 tlE^t^tnA^* 
C(DJ:oiimm\z^-c\i. 05 

[0036] 0 6ttpJ£J£tfi[5|»l 3a, 13b©fflO 

*««*^r®K0T*i. 03ic*v>tb, w&om 

•3&2<g©S#34*r-7>S?X*Qi. Q»Sffl^fc^S 
jSbfc*t. ^©SIJSWlCiSWXfifiilsIKl 3 a, 13 

j» &mmm (Er> t©M*jgssi -e©ms 

ifi-rtftK:. SJ»«EEEcC«tOSlI»$nS^S«£!gl 

7 \zmmn&nm8ift2nz. 8.mft%>%b7>?x 

*Q»©7-X- KW>ra©g«*t±E(W»mE (E 
c) IC»*UTpIXa;«3n5t>©Tf»-5. -tUT. ± 

t3>T>D-Citln-/U7-fMT?, «^cdfflir 

wnnsn^S5«»[m^«<ig i 6 icwiinu*^<fc 5 k: 

3> LfcfeCT. SS^CdWfflSS^S^lctOliSSgl 6 

[003 7] 06 ©*»«©«£> h 7 >S>X 

^Qi © H l"f >tV-XM©fifitR d s 1 6 

S^Lfcft»JilCJ:<5$IISfc«fc Dl!r£©fiBfciW£Sn5 
±!Emii^&h7>S>X*Qi©affi£»lCJ:5!& 

i4©^ftsfflm-5&je)©fflffli&je^ss[xn-M^«fc o 

l/T. {HfP*©l&gji&£-BfSfc«>«c«t<gg 
1 6 ©^Kft«*iSfi§Kxn-^fflS»icJ: 0 
<-f-5t, ±IBS#34*h7>5?X^Qi©V— X • H 
30 W>K©ffiiaRds£01lC^-r^&i!Jg8l 2©g 
^StttbTfflV^Ct*tT?^5. 06fc*V>Ttt. & 
3K R B t a c s ti:iDP-/U7-f 

i@^««^iieaSl 6tCA*U^^«k5»C*^.T 
v^. -?■©&«&, J8^c td©W©iS#»[fi#»cir)« 

a, »jt;p-^irioy-h»ci4ga$n)S:^&». 0 

3 fc7Rl/&liI!5©-73©fil^34*h7>^X^Qi km 
mz. ±E©«ftR d s WU aWWBEE c IcKJtWLT 

-«fcia»sn, ±ssshfc dia©«tt*^r3E®M« 

40 1 2©&&fitn:tUTffl^-5^t*tT#S. 

[003 8] 0 7ttnJ£j£it[Ilg&13a, 13b©Mt 

«6©siifi09s^-riiK0-e*-5. Ji©sift09tt. 031c 

^•TIaltttC»b0 5 CS-rSK&jiffl LT. 2j@©S^ 
SS#^h7>^Xr?Qi, Q»IC»LfilaRi, R>C 
.fcOftJSSSffiU V-X- HK>W©flEVdst 
HU-f >«S5I d©#SStt*Bfc#Ufcfe©T»S. 13. 

• S«S^ftlllK£Rfofc3£mt«iSl 7 tbt 
tt. 04Jc*tlil!S=&2ffl-rn«J;^. r©«^tt, $4 
fPSJEEEcCkDSfffc. dra©fittS±l2S£EEct 
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X^Qi. Q» ©tHfeWiioT^ntf, *-©fi&B5©ftft 

Tfc+#*£fcflJ#A,©Jiiggl 6&m»ZZ\t\Z& 

[0 0 3 9] K±aWbfc«fc3IC. @3R?/H6Mr;tC 
0 7 fcSbfcS&e^E c ©*£;* fcEJt«LTSIii£ 
filfP °imti Bl^fift[Hl?S 1 3 a, 1 3 b£. nJ&gMH 
©SS-a&lrii: LTffl l>£ d tic J; 0 pJgjlMS 1 2IC» 

«snssim<i*f (m«i~ioMHz) ^ssnrft 

tfrfsfiStftt, &#©«#&* h7>S>X*Qi©V- 
X- Hl"f>ra©*t?. te©8S#«State£S8»-r*<£ 
^«€^Sa5fc». ^©sSI^Si&g.iUfc^. fto 

@K^K±feS^©*TRim^»©^sa 
Sft^XhtftlHiffifcttS. «±© 

^X^&J&^lfgJWbfctf. j£^7-X- FK> 
HO«EE£fct>L K U-f >«K*tJt0!|-rs#tt©MO S 

mmzwb&byyvx* («*.tfv=-s©cxD7 5 

0 0M) *fflV>T<fe±V>. 

[0040] 6Ut03> H4, B5, 06, H7IC^U 

omn®i&<»$mw&®8 k^-t. cc-ci 3 at 1 3 * 



24 



10 



Z (v) 



= K ' yfi 



Cv (v) 

1 8©Artx-*£*Tgft£:DiU 
D=VC (v) 
BP508CROM1 8' tt-tWA^Jx-^Dt 

D= VC (V) 

^5H^©»fi^tUTlEA3hT^5>t>©t-r5. 
i^AD3>/W18' ttAA^-^VfcfcULT 
v ^:S«BE v Atffl* 2ns«fc 5 IC^oTV^fcJ?) v = V 

D=VC (v) 
flEoTSC (1 5) «fc0 
K* 



50 



Z (v) =- 



D 



-MSEfitSUa, 
0) «tOM6*>«:«l< 



- (16) 
1 3b©Stt«tt5£ (1 



40 



Rd s=- 



E r 
kE c 



tit*, z. uTad^ >n-^©tti^mjEE c ttx-^ 

E r 



Rd 8 =- 



kD 



(17) 



£ (1 6) & (1 7) iOROMl 8' IC. 1 



* bttRKRW Ufc«I<«m«aB©A#5*^S£EE c 
k:j;oT$«»-r*c:tK:±DSttfiRd s*t^; (i p) 

BT**. -f >*99'L* TOaMW-r*- HVC. V 
C tdtl&©/t'f7X«ffivttfiJir*^tTWlirr 

&. ±iB©?r*aifi@B l 3 a 1 1 3 b ©OTffiJEEE c 
ttC© TOEaB*«!>Mfl5 s --?D (ri 03£*-5 AD3 > 

n-* 1 8 ©ta iims. j; o^Ae.n. wiy-ft- 

H©A-f7X«EvBAD3>;t-^l 8' «fcD#AS 

n*«i;5»wSi^3nT^5. mnW'far- hvc, 

VC ©^m^fiCvt-ero/t-r^X^JBEvirora©!! 
fM9«R9K:*-r. r©±5J5:Cvi:v©li^iafitt, 

- ct? tow* (*©#«***/** rxtBEv 

©SStLTCv (v) t^rtA^f 7X£BEv©H8c 
iUTfflnJ£j&&t8©g®5WT (v) tt#©$tK^-& 
S. 

T (v) =K VCv (v) • L - (14) 
AW7XSffiv©H»tl/T©«ptt-f 

xz (v) «#©&<*&*. 



K' 



(15) 



50 



VCv (v) 

t§ifflSs<fcD4A &naa«fc*£iBA-r s c t «c 

±0«I2«Si©«iRd stt, •fMH»D0Xfi:£J:DX 

S J: State*. 
[0 0 4 1] fc*, 81t*WT. nJXSM»12©A 

£©«BE • WHE&C 1 9 £:frLTA*M*t1&E*»£it 

«m^ic*««n, j:©j£s«8©^T?±iBPi^a®(8i 

2£i»g(rr-5<fc5tateoTV>-5. *fc. nIXS®»12 
©W*S8blCtt. »mS2 0MR{t&nT^«. £©8 
®S2 Ott. ±ffi?RB»ffiBl 2©#tt^ >K-^>X 
R. KW^SMiBl 2©ffl*«blC«t>n 

*ffl^SJBEI4iRoi*0, Ro©^#$C.J:»5^-r-5 

jinsaiE-rsfe©!?*^. *ut. c©»»s 

2 0©«*tt. MUSI 4*sa<U3tl6MmEE c 
T*!lflI$ns±5{C*-DTV^. C©^»S8tt08Kl* 
l/feAD3>/W18, 1 8' . ROM1 8' *>6«J 

Ti. T,, Ts. Tntt?IXaS«|l 2©g:£©& 

sic^»t^nfc^5/^*^bT^5. jme©^2/^T 
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[0042] aiottai K^wmi&nmmm t 

It. 1,. -, 1 n*<-2l±lcEeS*ljB««£2!§S 
?Z&1&?2t. £©£ftt?2©&glH^li~l 

ihsbic# DT^sassifiiE-rsffiS:©pi^pi#iie 

g2 2,, 2 2», •-, 2 2nt. JinS6Bjg*iHHfB 
g2 2i~2 2n^6©ffl*^IC^©SMieiB^ 10 
AT&ffl£ffi;Ung£UTttl*-rsSEl8lHJte2 3t, d© 
SffiBK 2 3 T8ffi3nfcm^£«fcTS«8tg 6 1. 

£ ©««iii e *^ ©hwb^bb t utss*-*-*** 

2 o&m.fh?m? 1 1 ~ i n -essrr sxn-B 
^©^Y>^;HS©»&*ttM?!Ucatt&n#Bi«ipj#iS 

Sgg 2 2x~2 2 n*^©aj*«^lC0f3£©SSWfW* 
£*.*»8t©g]gBB2 4 l , 2 4.. 24nt, C 

n&©a&BB2 4!~2 4 n©ta*fljjc-tn^n»« 

3n&SKBB2 4 1 ~2 4n!fc&©fcH;tjfl^©SEE£ a? 
^«5gM^SIc2EMt-smiE • BB««BB 2 5 1, 2 
5», -. 25nt, n?* >*)1<D A*B*HIRtfm 

K-weftT^D^x-Y^^e, 2 6, -aiKBsn 
x-r?^ 7©a##^Ksa©raiBTm? i *>*;p 

B2 8£:*>&fcS. fc*5> ±E^y^#LCj®g«2 8 

©p«gi5ic«iKanfcfittRi4, g^^ttLcasai 

2 8©^ft-f>fcr-y>Xi:'1'>tr-y>XV5/?>^ .50 
Sto&lR«iSJStt-e*S. Sfc. S(IEpI*f)J1|iiiSg2 
2i~2 2 n©«j^tt, BfPSSl 4*>fc©iaffl»*»S 1 ' 

[0 0 4 3] CCT. *jUfiWIC*^Ttt, ±ES*@ 
K 2 3 ^©jlMEB 2 4. ~ 2 4 n £ bTIt 0 1 Ki* 

wmn) ec, v, ec' tz£r)fflmmtfmiM\z$. 
mnzmmmmw^znx^z. £©a®BB2 4 

!~24ntt. fS»851 4*>t>(OmWm^S*' (Bile 

c' ) ICfcO. ®W<b#fcfi^*lf-A©JKJfcj&£&^ 
Br^Bi-rs.fc 5 »c^©JR«fic@*JSIffli3ns«t 5 Kfc 
^l/T, ±S!^^^#LCaM«2 8©»« 
S5lRtSton^m^«£Ett, ±IE#5!jg|III&2 4i~ 
2 4nfc<k0ig£iBg£^A5nfc&. aSfcl^nxtf 
•f >hX-f y^2 7\z£0M1R2ftrc9y7t(LmiZ%f& 

^jDS^n*. foT, ±Effli!&l5|g&2 4i~2 4 

®$B©^tB£;*scB#LT*©&Mi$iifl©:»#ffi 50 



4$gl¥4-3 444 8 6 

16 

7{=tLCaffi»2 8©g®§[a|tt:. £lcffi#fcfcf-A© 
fifi#fi£B£T*£»©«§!]£fT5 fc 
fc. ±IB3lffi@K2 4i~2 4nt^y7 r #LCS^fi 
2 8t0flfil: < fcO. ^y^LCS®S2 8©3'^y 

-f y^2 7<D7-TU{fX-(y^2 6©&*^<-TSd 
±B*aX3}W >hx-f^2 7© 
ffilfPtt. ^Wffil 4*^©S!lf|M^S3T^«l*n5«k 
5fcfcoTV»S. ±IB©6>I&BK2 4i~2 

4nlt &3SK£CT«&a£fiEB8«Lfcfc©£m> 

[0 0 4 4] d©«fc5fc«fi6l;:«fcD. *^1SCS)©«^ 
#*jfe£^©iffl#fc&»r8BI::*5^Ttt. &ffl®&2 3 
l*9©&®&@B 2 4 1 ~ 2 4 n ^©fBWB^^©^ 

m^©A* fc*^rasi^w*taawjca!it ens ©t, 

-&8i©g«BIS2 3£»*Tfi*iftfcr-A©iKJfc&*» 
[0045] 

[8W©$4£] #f6B»Cfc*;i3gB» (HI) \m±o> 
i5Jc««*nfc©t?. *©B»B^k:epiiirrsfW«lt 

^kS*-5Jlt*fC#*. «oT. f£*©«fcdfcjl®»t:: 
B^WBTBttSnfc^ySBTX'f »«JBWT 
WR»0*A'r«J:ift<. J tOW0»miz/-iXifi 

o^t*&. «s©®«s«,aiS!icy'fX^jiA-rs©*» 
ihtr, SfitLT©»«tt*iBj±fs::t*tT€r*. 

<h<lC. WgSi&Bl 2©fttt-f>hf- : J'>Xig££ 
£5fc»»::BttfcT>r£ffiftBB 13 a, 1 3 btt, «# 
h 9 >S?X*© H U-T >m&£fH»mjBE<2:©ft£lt 
figT £ X) ■€-©^«EE£±E®#8lS h 5>i?X^©y 
- Mcfl»aSi6LR«#3ft£h9>S?X:?©V-X • 
H W-f >ra©fitt*»±E h 9 >5?X^ ©^«85iS©iW|ip 

mmzn^xsimt&^tu &o*i&mm*mfift 
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